Cardiac surgery and coronary angiography are both associated with risk of acute kidney injury (AKI). We hypothesized that the risk of post-operative AKI increases when coronary angiogram and cardiac surgery are performed in close succession, without sufficient time for recovery from the adverse effects of intravenous contrast.
Introduction
Acute kidney injury (AKI) occurs in up to 30% of patients after cardiac surgery 1, 2 and has been associated with morbidity, mortality, and longer hospitalization. 3 -7 Age, pre-existing kidney disease, cardiopulmonary bypass time, intra-aortic balloon pump use, and valve surgery increase the risk of AKI after cardiac surgery. 8 -11 On the other hand, contrast-induced nephropathy after coronary angiography occurs in up to 10% of patients with normal renal function and up to 25% of patients with pre-existing renal impairment. 12 Recently, there has been an interest in the temporal relationship between coronary angiography and cardiac surgery suggesting that a 'double hit' on the renal function in close succession increases the risk of AKI after cardiac surgery. 13 -16 However, these reports were limited by utilization of non-conventional definitions of post-operative AKI and relatively small sample size. The purpose of the present investigation was to assess the influence of the time between coronary angiography and cardiac surgery on the incidence of post-operative AKI in a large cohort of patients using the AKI network 17 and Risk, Injury, Failure, Loss, End-stage (RIFLE) definitions of AKI. 18 We hypothesized that the risk of AKI increases when coronary angiogram and cardiac surgery are performed in close succession, without sufficient time to allow kidney function to recover from the adverse effects of intravenous contrast. 
Methods

Study population
Outcome variables
The primary outcome variable was development of AKI after cardiac surgery as defined by the AKI network (absolute increase of ≥0.3 mg/dL or a relative increase of ≥50% in serum creatinine from baseline value within 48 h after surgery, or requiring post-operative haemodialysis). 17 Secondary outcome variables were the RIFLE risk (maximum serum creatinine level by the 7th post-operative day/preoperative serum creatinine level ≥ 1.5 or pre-operative eGFR/eGFR on the 7th post-operative day . 1.25) and RIFLE injury (maximum serum creatinine level by the 7th post-operative day/pre-operative serum creatinine level ≥ 2.0 or pre-operative eGFR/eGFR on the 7th post-operative day . 1.5) criteria for AKI. 18 
Data analysis
Variables are presented as mean + one standard deviation or as percentages. Continuous variables were compared with t-test when normally distributed and non-parametric Mann-Whitney U test when skewed. Categorical variables were compared with chi-square test. Predictors of AKI were identified with logistic regression analysis. The variables with P , 0.1 in univariable analysis and variables that are known to be associated with AKI were included in the multivariable model. Number of days between coronary angiogram and cardiac surgery was analysed as a continuous variable in univariable and multivariable logistic models. Secondary analyses were performed using 1, 3, 5, and 7 days as cut-off. Pre-determined subgroup analyses were performed in patients with pre-operative eGFR , 60 mL/min/1.73 m 2 , in those who received high-dose intravenous contrast (i.e. greater than median value of 100 mL), and in patients who developed contrast-induced nephropathy. This analytic strategy has been published before. 19, 21 Analyses were performed using SPSS statistical software, version 19. All analyses were two-sided. P , 0.05 was considered statistically significant.
Results
Patient characteristics
The baseline characteristics of the 2133 study patients who underwent cardiac surgery are given in Table 1 . Patients were 66 + 10 years old and 99% were male. The majority (69%) of the patients underwent CABG only. Mean pre-angiogram creatinine and eGFR were 1.2 + 0.4 mg/dL and 73 + 22 mL/min/1.73 m 2 . Mean preoperative creatinine and eGFR were 1.1 + 0.4 mg/dL and 75 + 22 mL/min/1.73 m 2 , respectively ( Table 1) .
Predictors of acute kidney injury
A total of 680 (32%) patients had AKI per the AKI network definition and 390 (18%) and 111 (5%) met the RIFLE risk and injury criteria, respectively. Patients who developed AKI after surgery were older, more likely to have diabetes, cerebrovascular disease, and worse pre-angiogram and pre-operative renal function than those who did not develop AKI ( Table 1) . Acute kidney injury patients also had more symptoms, were more likely to undergo surgery other than CABG, and had longer cardiopulmonary bvpass time than those who did not develop AKI ( Table 1) . Consequently, patients who developed AKI had a higher operative (30-day) mortality than those who did not (4.1% vs. 1.0%; P , 0.0001). In multivariable analysis, age, body mass index, diabetes mellitus, New York Heart Association (NYHA) class III/IV, cardiopulmonary bypass time, and impaired pre-operative renal function (eGFR , 60 mL/min/1.73 m 2 ) were independent predictors of AKI after cardiac surgery ( Table 2) .
Incidence of AKI with each type of surgical procedure is listed in Table 3 . Frequency of AKI was higher in patients who underwent valve surgery with or without CABG. Highest risk occurred in those who underwent double-valve surgery ( Table 3) .
Time from coronary angiogram and acute kidney injury
Cardiac surgery was performed after a median 14 days (range 0-235) following coronary angiography. There was no difference in the length of time between coronary angiogram and cardiac surgery in patients who developed AKI vs. those who did not [median (interquartile range) 13 days (5-31) vs. 14 days (4-31); P ¼ 0.12]. There was no difference in the incidence of AKI as a function of days from coronary angiogram (Figure 1) . In multivariable regression analysis after adjusting for confounding factors, the number of days between coronary angiogram and cardiac surgery, taken as a continuous variable, was not a predictor of post-operative AKI (odds ratio: 0.99; 95% confidence interval: 0.99-1.00; P ¼ 0.41).
Subgroup analysis
Subgroup analyses were performed in patients with pre-operative eGFR , 60 mL/min/1.73 m 
Discussion
In this retrospective cohort study of more than 2000 patients who underwent cardiac surgery after coronary angiogram, we found that the number of days between coronary angiogram and cardiac surgery was not a predictor of post-operative AKI, suggesting that the two procedures can be safely performed in close succession. These results remained the same in high-risk subgroups such as the patients with pre-operative renal insufficiency or those who had contrast-induced nephropathy. The independent predictors of AKI after cardiac surgery in this cohort were advanced age, high body mass index, diabetes mellitus, NYHA 395 patients who underwent CABG after contrast exposure and identified that patients operated within 24 h of coronary catheterization had increased risk of post-operative AKI. However, again more patients in the group who underwent CABG within 24 h of contrast exposure had unstable angina and urgent operations than those who were operated later. In a retrospective study of 423 patients, Ranucci et al. 16 showed that surgery on the same day of cardiac catheterization was independently associated with the increased risk of AKI and suggested delaying cardiac surgery beyond 24 h of exposure to contrast agents. Although patients requiring emergent operation were excluded in this study, the baseline characteristics of patients who were operated within vs. after 24 h of contrast exposure were not compared. Hennessy et al.
13
reported that the patients who developed post-operative AKI were more likely to have had catheterization within 24 h of surgery. On the other hand, Brown et al. 22 and Greason et al. 23 suggested that in selected patients undergoing aortic valve replacement, coronary catheterization could be performed on the same day of the surgery. The present study advances the existing data from prior investigations on two fronts. First, in this investigation, we have used the widely accepted AKI network definition and the RIFLE criteria of AKI as the outcomes vs. the less sensitive criteria used in prior investigations. 13 -16 procedures, in contrast to studies that only included low-risk patients and specific surgical procedures, excluding patients with moderate kidney disease (Stage 3), and those who underwent angiography without left ventriculography. 22, 23 Thus, in this regard, our data more closely reflect the real-world experience.
In the past literature, AKI has been typically defined on the basis of the Society of Thoracic Surgeons National Cardiac Surgery Database criteria, that is, post-operative serum creatinine .2.0 mg/dL or .2 times the most recent pre-operative creatinine level or requirement for dialysis post-operatively. 13 There is, however, growing evidence that even small increments in serum creatinine are associated with adverse outcomes, 5, 6, 24, 25 which prompted us to use the more sensitive and widely accepted definition by the AKI network criteria. 15 The RIFLE definition of AKI 16 was also used in our study for sensitivity analysis. Utilization of widely accepted AKI criteria, such as those used in this study, will allow comparison of the results of future studies. Several studies have examined the risk factors associated with the development of AKI after cardiac surgery. 2 These include advanced age, pre-operative kidney dysfunction, prolonged cardiopulmonary bypass time, undergoing valvular heart surgery, congestive heart failure, diabetes mellitus, peripheral vascular disease, pre-operative use of intra-aortic balloon pump, and chronic obstructive pulmonary disease. 2,3,26 -29 Our results confirm these data. The strengths of this investigation are the large sample size, utilization of AKI network and RIFLE definitions as outcomes, and inclusion of various cardiac surgical procedures. Furthermore, the study cohort included patients with a wide range of risk for AKI, including those with baseline kidney failure and those who underwent urgent/emergent operation thus making the findings of this investigation more applicable to the general population. Our study also has several limitations that are worth noting. First, the diagnosis of AKI was based on changes of serum creatinine, which is a poor marker of kidney dysfunction early after surgery. 30, 31 It is, however, the most commonly applied measure of renal function to date. Several biomarkers of AKI, including cystatin C, urine interleukin-18, and urine neutrophil gelatinase-associated lipocalin, have been identified over the past few years, but still need validation in larger studies. 32 Second, factors which could potentially be associated with AKI, such as perioperative haemodynamic status, bleeding, transfusion and pressor use and medication use were not included in our database. Furthermore, the reason for shorter or longer times from angiography, which were not specified in our database, might correlate with the acuity of the patient and could have influenced the development of AKI. Third, even though our study cohort is the largest reported to date, we cannot exclude the possibility that the lack of statistical significance is due to the lack of statistical power (type II error). Finally, almost all patients in our cohort were male. Caution is required when extrapolating these results to female patients.
In conclusion, in this large cohort of cardiac surgery patients, the risk of AKI after cardiac surgery was not influenced by the time between coronary angiogram and cardiac surgery, even in the highrisk patients. Based on these results, delaying cardiac surgery for the sole purpose of renal recovery after coronary angiography is probably not warranted.
